The power spectrum of a tubulent flow (e.g. fluctuating wind v and temperature T) is characterized by structure constants, which are related to scale and strength of fluctuation. A method for investigating these structure constants by using sound waves as a nondestructive probe is proposed. Because the complex amplitude A(r) of a sound wave is changed by refractive index fluctuations, the lateral spatial correlation (A(rl )A(rz ))
INTRODUCTION
Randomly fluctuating properties of a fluid are usually measured by positioning sensors into the flow. The measuring device disturbes the flow. Only local measurements at one point are obtained. A typical example is the spatial field of temperature and wind in the atmosphere which is measured in samples of large separation with the assumption that the time history of the fluctuating quantity at the point represents the spatial dependency.
Thus, denoting the average wind speed by u and the length scale of the greatest st ruct are under consideration by L, local measurements require a "frozen" turbulence on the time scale of tiL. In general, it is desirable to registrate the average statistics of the fluid properties within a certain volutne independently of the special sensor location which might reflect properties of a local artefact. Furthermore, the spatial representation of the fluctuating structure might be too large to be mapped into the time history of one sensor by the average motion. The proposed acoustic method is based on the fact that the wave fronts of a sound wave are changed due to the fluctuations of velocity and temperature in a fluid, in this case the turbulent atmosphere. The aim of the present study is to calculate second moments of velocity and temperature from measured correlations of the sound wave amplitudes. This method gives a spatial average of the medium statistics and reduces the "frozen" time scale to COL. (Co denotes the average sound speed) The most important parameters for characterizing the turbulent atmosphere are the structure constants Cl, C:, and outer scale LO = l/Ro. Based on the "parabolic equation method" (PEM) it is possible to calculate the propagation of the second moment of a plane and spherical wave. Analytical results are known for certain spectral representations of the fluctuations of wind and temperature (1). One objective of the present study is to test the theoretical predictions experimentally. The other objective is to provide a new remote sensing measurement tool to determine acoustically the structure constants and outer scale.
THEORY AND COMPARISON WITH MEASUREMENTS
The PEM leads to closed differential equations for arbitrary moments of sound wave amplitudes in a medium with locally homogeneous and isotropic statistics. Introducing cartesian coordinates (z, r) = (z, y, z), where the x-axis is directed along the propagation path and denoting the spectrum of the acoustical pressure bỹ (x, r) the PEM leads (depending on wave geometry) to simple expressions for the coherence 72 () denotes ensemble averaging.
Using the analytical results (1) for a von K6rm5n spectrum, 72 becomes a function of the structure constants C: and KO (1). Taking two measured values 72 (z, r, r') and 72 (z, r, r") leads to two equations containing the two structure constants, which can therefore be determined uniquely.
Generalizing the procedure of determining the two parameters of the von K6rm&n spectrum will allow for the evaluation of additional parameters (which might be necessary for describing more complex spectral shapes) in refining the statistical image by adding further microphones in the lateral plane of measurement, n+ 1 microphones for n parameters.
Outdoor experiments were carried out over a flat lawn site surrounded by some medium height trees. Weather conditions were neutral with average wind speed below 2.5 m/s, clouded sky and practically no temperature fluctuations.
Pulse trains of approximately 100 ms duration and a repetition time of about 2 s were radiated by a biradial horn mounted on a mast. Four microphones were placed in a distance of 98 m. from the received signals the coherence in a lateral distance of 1 m and 2 m waa calculated over 300 samples. According to the PEM, the coherence should behave like exp(-w2 0. .). In Fig. 1 the measured coherence values for the denoted frequencies scaled to 1.08 kHz are given, indicating that this prediction is met in the experiment.
During the experiment the wind fluctuations were registrated using an ultrasonic anemometer.
In Fig. 2 the power spectrum of turbulence = derived from the anemometer memurements is compared with the estimate from the acoustical me=urement, showing good agreement. Note that due to the limited registration time the outer scale of turbulence is not visible in the anemometer data.
Laboratory experiments were carried out in a convecting model atmosphere generated by heating elements.
A broadband spark source waa placed 40 cm away from a microphone array with lateral distances of 5 cm and 10 cm. In Fig. 3 the me~ured coherence values are shown together with a fit of exp(-ati2).
The good agreement indicates that the PEM is valid in this experiment. Table 1 shows the acoustically determined structure constants c; and~. for three different experimental conditions. 
